Objectives: There are still doubts on the effect of preoperative atrial fibrillation (AF) on early and late mortality after coronary artery bypass grafting (CABG). This retrospective study demonstrates the effects of preoperative AF on the short-term and long-term survival after CABG. Methods: We retrospectively analysed the data of 10 626 patients who underwent CABG between January 1998 and December 2007. The data of 221 patients with a history of preoperative AF (2.5%) and 8631 patients with preoperative sinus rhythm were eligible for analysis. Survival of these patient groups was compared to survival of age-and sex-matched groups of the Dutch general population. Results: Mean follow-up duration was 4.6 AE 2.9 years. Multivariate logistic regression analysis showed preoperative AF to be an independent risk factor for early mortality after CABG, with an odds ratio of 2.06 (95% confidence interval (CI): 1.08-3.95; P = 0.029). Multivariate Cox proportional hazard analysis revealed that preoperative AF is an independent risk factor for late mortality after CABG, with a hazard ratio (HR) of 1.67 (95% CI: 1.21-2.31; P = 0.002). Using propensity score matching, AF was also an independent risk factor for late mortality after CABG, with an HR of 2.77 (95% CI: 1.6-4.79; P < 0.001). In comparison with the general Dutch population, patients with preoperative AF who undergo CABG have a worse long-term survival, while patients with preoperative sinus rhythm experience a better survival. Conclusions: Preoperative AF is an independent risk factor for early and late mortality after first-time elective CABG. #
Introduction
Atrial fibrillation (AF) is the most common sustained cardiac rhythm disorder and has an estimated prevalence of 1% in the general population [1] . The prevalence of AF is increasing with age [1] [2] [3] . As the elderly population increases, the prevalence of AF and its associated morbidity and mortality are expected to rise.
Many studies have shown that AF is a risk marker for mortality [6, 7] . At least part of this risk is explained by the association of AF with other cardiovascular diseases and advancing age [4] . Some studies have identified AF as an independent risk factor for mortality [4] [5] [6] . The effect of pre-existing AF on early and late mortality after coronary artery bypass grafting (CABG) has not been studied extensively [8] [9] [10] [11] [12] .
This study aims to investigate the independent effect of pre-existing AF on survival of patients undergoing CABG. The long-term survival of these patients was compared with ageand sex-matched cohorts from the general Dutch population.
Methods

Patients
Data of patients who consecutively underwent first-time, elective, isolated CABG at a single centre in the Netherlands (Catharina Hospital, Eindhoven) between January 1998 and December 2007 were prospectively collected into our database, including demographic data, known risk factors for mortality and in-hospital complications. Patients were divided into two groups: sinus rhythm (SR) group (n = 8630) and AF group (n = 221). Patients with any history of paroxysmal, persistent or permanent AF were included in the AF group. The local medical ethical committee approved the study.
Definitions
Early mortality was defined as any-cause mortality occurring 30 days postoperatively, and late mortality was defined as any-cause mortality beyond this period. Impaired left ventricular function (LVF) was defined as left ventricular ejection fraction <50%. Body mass index (BMI) was calculated by dividing body weight (kg) by the square root of the height (m) of the patient. Creatinine clearance was calculated using the Cockcroft and Gault formula [13] .
Operative technique
Anti-arrhythmic medication was continued until the day of operation. All patients received short-acting anaesthetic drugs to facilitate early extubation. Normothermic extracorporeal circulation was performed using non-pulsatile flow. Intermittent, cold crystalloid cardioplegia ('St. Thomas' solution) or intermittent, warm blood cardioplegia was used to induce and maintain cardioplegic arrest, according to the surgeon's preference.
None of the studied CABG patients was surgically treated for AF. In most cases, the left internal thoracic artery was used for the left anterior descending artery, and a saphenous vein or second arterial graft was used for the other coronary arteries, depending on the age of the patient and preference of the surgeon. Nine percent of all operations were performed without the use of extracorporeal circulation (off-pump). All patients who underwent CABG with the use of extracorporeal circulation received low-dose aprotinin (2 million kallikrein inactivating units) during extracorporeal circulation, administered in the prime solution.
Follow-up
Postoperatively, all patients were treated with metoprolol to suppress AF, and one or more electrical cardioversions were performed when indicated. The rhythm of patients was continuously monitored until at least 48 h postoperatively. Treatment regimen of AF after discharge was determined by the referring cardiologist.
Follow-up data with regard to mortality were gathered from databases of health insurance companies, information requests to general practitioners and city authorities.
To calculate survival of a general population cohort, data were obtained from the Dutch Central Bureau for Statistics. We have matched each group in the present study with the general population according to age and sex. As the incidence of mortality within the general population varies per year, matching was also done to compare the survival of each group with the survival of the general population for the same year the studied patients underwent surgery. We considered the survival of the matched general population cohort to represent the expected survival of the patient groups.
Statistical analyses
SPSS version 15.0 (SPSS Inc, Chicago, IL, USA) was used for all statistical analyses.
Categorical variables were compared using the chi-square test (or Fisher's exact test when appropriate) and are presented as percentages. Continuous variables were compared using the Student's unpaired t-test and are presented as means AE standard deviations.
Univariate and multivariate logistic regression analyses were performed to evaluate predictors of early mortality. Univariate and multivariate Cox proportional hazard regression analyses were performed to identify the predictors of late mortality. Only variables that were significant (P < 0.05) in the univariate analyses were included in the multivariate models. Age, creatinine clearance and year of operation were incorporated into the models as continuous variables. Due to the nonlinear effect of BMI on mortality, BMI was entered as two dichotomous variables (BMI < 20 and BMI > 35). Long-term survival curves were estimated according to the Kaplan-Meier method, comparing differences between groups with the log-rank test.
Propensity score matching
Univariate logistic regression analyses were used to identify variables that were associated with preoperative AF. Only significant (P < 0.05) variables were entered into a multivariate logistic regression model. This analysis generated a unique propensity score for each patient, representing the patient-specific probability of having AF, whether the patient had AF or not. This propensity score was used to match a unique control patient who had the nearest propensity score to each treatment patient to exclude the effect of confounders that were associated with AF [11, 14, 15] . To ensure similarity in the matched pairs we used 'caliper matching' [16] .
Results
In 98.9% of selected CABG patients, mortality data were collected until 31 March 2008, leaving 8851 patients for further analysis. Preoperative AF was documented in 221 (2.5%) patients. Mean follow-up period was 4.6 AE 2.9 years (range: 0-10 years).
The characteristics of patients of both groups are summarised in Table 1 . Patients in the AF group were significantly older and had a lower mean creatinine clearance level, greater incidence of chronic obstructive pulmonary disease (COPD), prior cerebrovascular accidents (CVAs), reduced LVF and a higher mean BMI than patients in the SR group. Fig. 1 shows a 10-year Kaplan-Meier curve after CABG, according to the preoperative heart rhythm. The survival of patients in the AF group was significantly worse than that of patients in the SR group (log-rank, P < 0.0001).
Early mortality
The results of the univariate and multivariate analyses of possible predictors of early mortality are shown in Table 2 .
The multivariate analysis identified AF as an independent risk factor of early mortality, wherein the associated odds ratio was more than twofold. Age, reduced creatinine clearance, COPD and reduced LVF were also independent predictors of early mortality after CABG.
Late mortality
The results of the univariate and multivariate Cox regression analyses of possible predictors of late mortality are shown in Table 3 . In the multivariate analysis, preoperative AF was an independent predictor of late mortality and was associated with a 1.67-fold increased hazard ratio (HR). Age, male gender, diabetes mellitus (DM), reduced creatinine clearance, COPD, prior CVA/transient ischaemic attack (TIA), peripheral vascular disease (PVD) and reduced LVF were also identified as independent risk factors for late mortality.
Propensity score matching
The univariate logistic regression of possible predictors of preoperative AF showed a significant association with age, creatinine clearance, COPD, prior CVA/TIA and reduced LVF. These factors were incorporated into the multivariate logistic regression model for preoperative AF. Age (OR: 1.07; 95% CI: 1.05-1.09; P < 0.0001), reduced LVF (OR: 2.13; 95% CI: 1.6-2.84; P < 0.0001) and prior CVA (OR: 1.8; 95% CI: 1.09-2.97; P = 0.021) were independent predictors of preoperative AF. Next, the propensity scores of 221 AF cases and 8558 SR controls were calculated (Table 4) . A total of 221 SR controls were matched to the AF cases. Early mortality was 5% in the AF group versus 3.2% in the matched control group (P = 0.34). In Fig. 2 , the 10-year survival curves of the AF and SR groups after propensity matching is shown. In addition, after propensity matching, we demonstrated that CABG patients with preoperative AF experienced significantly worse survival than patients with preoperative SR (log-rank, P = 0.001). The adjusted HR for all-cause death after CABG was 2.68 (95% CI: 1.58-4.53; P < 0.001) for patients in the AF group, compared with the matched SR group.
Population comparison
Figs. 3 and 4 show the 10-year survival curves for CABG patients in the AF and SR groups compared with the sex-and age-matched cohorts of the Dutch general population. The survival of patients in the SR group was significantly higher than that of the matched general population (log-rank, P < 0.0001), and patients in the AF group had a worse survival compared with the matched Dutch general population (logrank, P = 0.007).
Discussion
In our study, 2.5% of the coronary bypass patients showed AF prior to the operation. According to the literature, this is a realistic incidence, considering the mean age of the patients in this analysis [1, 2, 8, 10, 11] . 
Early mortality
In this study, it is shown by multivariate logistic regression that AF is an independent risk factor for early death after CABG, a finding that has also been reported by Banach et al. [9] . Early mortality in the propensity score-matched control group is also lower than in the AF group, but this difference lacks statistical power, possibly due to the relatively small group size. Quader et al. [11] found a relationship between preoperative AF and early mortality of CABG patients after comparing them with propensity score-matched patients without AF. However, they could not prove AF to be an independent risk factor. As the adjusted risk analysis of early mortality was performed by matching propensity scores, the sample size of their analysis was limited to two groups of 451 patients, which suggests an explanation for the lack of significance.
Ngaage et al. [10] showed no significant relationship between early mortality after CABG and preoperative AF; in a study in which they matched 257 patients with preoperative AF to 269 patients with preoperative SR, the AF group had an operative mortality of 1.6%, which was lower than the 1.9% mortality in the SR group [10] . Recently, Ad et al. [8] found a positive correlation between preoperative AF and early postoperative mortality in a large study (281 567 patients with isolated CABG) using data from the Society of Thoracic Surgeons' National Cardiac Surgery Database. They reported an early mortality of 2.2% in SR patients versus 5.2% in the AF group (P < 0.001). These figures are consistent with our data.
The correlation between preoperative AF and higher early mortality in CABG patients can be explained by the higher incidence of both preoperative co-morbidities and the postoperative complications in the AF group. In our study, patients in the AF group were significantly older and had a lower mean preoperative creatinine clearance level, greater incidence of COPD, prior CVAs, reduced LVF and a higher mean BMI than patients in the SR group. Moreover, Ad et al. [8] showed that patients with preoperative AF undergoing CABG suffer a higher incidence of postoperative stroke, prolonged ventilation time and renal dysfunction than those with preoperative SR. This might explain the higher early mortality in AF patients than in SR patients.
Late mortality
Several studies have been published regarding long-term survival after valve surgery, in which most authors have reported a negative effect of preoperative AF on postoperative survival [17] [18] [19] . The effect of preoperative AF on late mortality after CABG has not been studied extensively. Our analysis identified AF as an independent risk factor for late mortality, with an HR of 1.67.
Banach et al. [9] also demonstrated worse survival in patients with preoperative AF after CABG, compared with patients without preoperative AF, but they did not correct for confounders. Ngaage et al. [10] identified preoperative AF as an independent risk factor for late cardiac death (HR: 2.5; P < 0.0001). The effect of AF on all-cause mortality was not significant in their multivariate analysis (HR: 1.3; P = 0.054).
Quader et al. investigated the effect of preoperative AF on long-term survival after CABG by matching propensity scores and observed a significant reduction in survival due to preoperative AF [11] . Rogers et al. [12] demonstrated a survival deficit up to 5 years after CABG in patients with preoperative AF compared with SR, with an adjusted effect Fig. 3 . Kaplan-Meier survival curves of patients with preoperative SR after CABG and the sex-and age-matched general population. Log-rank P < 0.0001. Fig. 4 . Kaplan-Meier survival curves of patients with preoperative AF after CABG and the sex-and age-matched general population. Log-rank P = 0.007.
size of 1.49 (95% CI: 1.06-2.08). Only patients who had permanent or multiple recurrent episodes during the last 6 months were included, which could have had an effect on the outcome [12] . In a recent report of Kalavrouziotis et al. [20] , increased late mortality and recurrent cardiovascular events after cardiac surgery was associated with preoperative AF. Patients with preoperative AF had a higher incidence of rehospitalisation after cardiac surgery than patients with preoperative SR. Causes of re-hospitalisation in these patients were AF, stroke, congestive heart failure, acute coronary syndrome and coronary re-vascularisation. However, $20% of their patients had combined CABG and valve surgery [20] .
Comparison with the matched general population
Age at the time of operation is an important predictor of early and late postoperative survival. The effect of age on long-term survival is nonlinear, which is one reason that regression analysis can have a residual confounding effect on survival when the effect of AF is examined. To exclude the effect of age (and sex), we designated two large groups of the Dutch population that had the same age and sex distribution as our patient groups. Using the mortality data of these population groups, we estimated the predicted survival (based on age and sex) of our patient group. Our analysis showed that patients who underwent CABG with preoperative SR had greater long-term survival than persons from the matched general population cohort.
We hypothesise that this survival benefit is attributed to the protective effect of the grafts, in combination with strict follow-up and treatment with aspirin, cholesterol-lowering drugs, anti-diabetic medication, beta-blockers and angiotensin-converting enzyme (ACE) inhibitors. Despite the possible positive effects of undergoing CABG on long-term survival, patients with preoperative AF experienced worsethan-expected long-term survival compared with the matched general population.
Similarly, Eguchi et al. [18] compared survival in mitral valve-repair patients with expected survival and found a negative effect of preoperative AF on late survival after mitral valve repair. Caution should be taken in making conclusions about the comparison of the CABG groups with the general population. In the general population, a certain percentage of people have AF and coronary artery disease. In patients with SR undergoing CABG, the coronary problem is treated. Most patients after CABG are given aspirin and hypocholesterolaemic drugs and are treated for underlying diseases such as hypertension and diabetes. This treatment, as well as the protection provided by re-vascularisation, may contribute to improved survival and may explain why patients with preoperative SR have improved survival compared with a matched general population cohort. Furthermore, before undergoing CABG, patients are screened for other severe underlying disease. If severe underlying disease is present, alternative treatment is considered instead of CABG, thus enriching the CABG group with patients of above-average health (except for the coronary artery disease). However, the results of our study can help in informing patients with SR that their prognosis after CABG is favourable.
Limitations
The observational nature of this study creates the possibility of confounding effects of measured and unmeasured variables on the role of preoperative AF. Due to the inconsistent definitions of AF types that have been used, we did not differentiate between paroxysmal, persistent and permanent AF. Permanent AF has a worse outcome than paroxysmal and persistent AF [10] .
Because we could not match the population groups for AF, it was not possible to determine the effect of CABG separately from the effect of AF on mortality. We did not differentiate between patients with AF preoperatively who converted to SR during the follow-up after CABG and those who remained in AF. As discussed, we could not distinguish between cardiac and non-cardiac causes of death.
Conclusions
Preoperative AF is an independent risk factor for early and late mortality after elective, first-time, isolated CABG. Compared with age-and sex-matched persons from the general population, CABG patients with preoperative SR experience better long-term survival, and CABG patients with preoperative AF have worse survival rates. Further prospective studies are necessary to confirm these results. Whether concomitant surgical treatment of preoperative AF improves survival has to be investigated in well-designed, randomised controlled trials.
